Context. AKARI, the first Japanese infrared astronomical satellite, has completed an All-Sky Survey at the mid-to far-infrared wavelengths with greater spatial resolutions and sensitivities than those of the previous survey with Infrared Astronomical Satellite (IRAS). Aims. We search new T Tauri star (TTS) candidates with the mid-infrared (MIR) part of the AKARI All-Sky Survey at 9 and 18 µm wavelengths. Methods. We used the point source catalogue (PSC), obtained by the Infrared Camera (IRC) on board AKARI. We combined the 2MASS PSC and the 3rd version of the USNO CCD Astrograph Catalogue (UCAC) with the AKARI IRC-PSC, and surveyed 517 known TTSs over a 1800-square-degree part of the Taurus-Auriga region to find criteria to extract TTSs. We considered asymptotic giant branch (AGB) stars, post-AGB stars, Planetary Nebulae (PNe), and galaxies, which have similar MIR colours, to separate TTSs from these sources. We finally searched new TTS candidates from AKARI IRC-PSC in the same Taurus-Auriga region. Results. Of the 517 known TTSs, we detected 133 sources with AKARI: 46 sources were not detected by IRAS. Based on the colourcolour and colour-magnitude diagrams made from the AKARI, 2MASS, and UCAC surveys, we propose the criteria to extract TTS candidates from the AKARI All-Sky data, and 68/133 AKARI detected TTSs have passed these criteria. On the basis of our criteria, we selected 176/14725 AKARI sources as TTS candidates which are located around the Taurus-Auriga region. Comparing these sources with SIMBAD, there are 148 previously identified sources including 115 Young Stellar Objects (YSOs), and 28 unidentified sources. Conclusions. Based on SIMBAD identifications, we take the TTS-identification probability using our criteria to be ∼75 %. We find 28 TTS candidates, of which we expect ∼21 to be confirmed once follow-up observations can be obtained. Although the probability of ∼75 % is not so high, it is affected by the completeness of the SIMBAD database, and we can search for TTSs over the whole sky, over all star forming regions.
INTRODUCTION
T Tauri stars (TTSs) are low-mass pre-main sequence (PMS) stars with ages of ∼ 10 6 -10 7 yrs (Adams et al. 1988) . TTSs were traditionally identified with their strong Hα emission line toward their natal molecular clouds, i.e., classical TTSs (CTTSs) with ages of ∼ 10 6 yr. On the other hand, X-ray observations, such as the Einstein Observatory and ROSAT surveys, have discovered another class of PMS stars (e.g., Neuhäuser et al. 1995a ). Since these sources have the "weak" Hα emission line with equivalent widths of ≤ 10 Å, they are called weak-line TTSs (WTTSs) and have ages of ∼ 10 7 yr. The youth of WTTSs was confirmed by strong Li i absorption lines, because lithium is easily destroyed in the stellar atmosphere with high temperature. In contrast to ⋆ Present address is Astronomical Institute, Graduate School of Science, Tohoku University, 6-3 Aramaki, Aoba-ku, Sendai, 980-8578, Japan ⋆⋆ Present address is Subaru Telescope, National Astronomical Observatory of Japan, 650 North A'ohoku Place, Hilo, HI 96720, USA the CTTS case, many WTTSs are found outside the molecular clouds. This situation is interpreted as follows: The natal molecular clouds have been already dispersed at ∼ 10 7 yr, or the stars have left the natal clouds owing to their motions with a few mas/yr.
The circumstellar disks around TTSs are believed to be the birthplaces of planets. The pioneering studies of the disks are the IRAS and millimetre continuum surveys towards the Taurus-Auriga region (Strom et al. 1989; Beckwith et al. 1990 ). Strom et al. (1989) found that about a half of CTTSs have excess emission at the infrared (IR) wavelength stronger than that expected from their photospheres. The excess emission is well interpreted as the thermal emission from the circumstellar disks heated by the central stars and/or mass accretion. On the other hand, most WTTSs lack such excess emission. Even the recent IR observations with the Spitzer Space Telescope have confirmed such a low detection rate of the excess emission towards WTTSs. Silverstone et al. (2006) showed that 5 of 74 young stars (3-30 Myr) have strong IR excess, but they have spectral energy distributions consistent with CTTSs. Padgett et al. (2006) observed 83 WTTSs outside their natal clouds, and found only 5 WTTSs have excess emission. The largest Spitzer survey of WTTSs so far was done by Cieza et al. (2007) , which observed more than 230 WTTSs located in the Ophiuchus, Lupus, and Perseus molecular clouds. Their data indicate that ∼20 % of the WTTSs have IR excess emission, but no IR excess for the stars older than 10 Myr. Consequently, it is most likely that the disk dissipation time scale is about 10 Myr. However, IRAS did not have enough sensitivities to detect the excess emission of WTTSs, and Spitzer cannot cover "all" WTTSs. Therefore, we need unbiased and high-sensitivity surveys to study the WTTS disks with good statistics.
AKARI all-sky data

AKARI IRC All-Sky Survey
AKARI is the first Japanese infrared astronomical satellite dedicated to infrared astronomy (Murakami et al. 2007 ). One of the major observation programs of AKARI is an All-Sky Survey at the mid-to far-infrared wavelengths with 6 photometric bands. AKARI has a higher sensitivity, a higher spatial resolution, and a wider wavelength coverage than those of the previous IRAS survey. The mid-infrared (MIR) survey has been carried out with the S9W (9 µm) and L18W (18 µm) bands using the Infrared Camera (IRC; Onaka et al. 2007 ). The 5 σ detection limit for a point source is estimated to be 50 and 120 mJy at the S9W and L18W bands, respectively. The spatial resolution is around 5 ′′ . More than 96 % of the entire sky has been observed with the two bands. The first version of the AKARI IRC point source catalogue (hereafter IRC-PSC) was publicly released in March 2010. The analysis of this paper is based on the 1st version of the IRC-PSC. The details of the AKARI IRC All-Sky Survey and its data reduction processes are described in Ishihara et al. (2010) .
Comparison with the NIR 2MASS and optical UCAC catalogues
We compared the IRC-PSC with the 2MASS PSC by a nearinfrared (NIR) survey (Skrutskie et al. 2006 ) using a simple positional correlation method. We used a positional tolerance of 5 ′′ , which is the spatial resolution of the AKARI IRC All-Sky Survey. More than 99 % of the AKARI sources agree well with those in the 2MASS PSC within the accuracy. We also compared the IRC-PSC with the 3rd version of the USNO CCD Astrograph Catalogue (UCAC) by an optical survey (Zacharias et al. 2010) in the same way. About 70 % of the AKARI sources have optical counterparts within the 5 ′′ accuracy. This relatively low crossidentification rate comes from the limited magnitude range in the UCAC survey: Most nearby (< 100 pc) stars are saturated, and distant (> 1 kpc) or heavily reddened stars have no UCAC entry because of its sensitivity. Since the UCAC catalogue contains "stars" with the magnitude range of R = 7.5-16.3 in a 579-642 nm band, it is useful to search stars at distances of about 100 pc, which is the typical distance to nearby molecular clouds (for example, if we put the Sun at 140 pc, the magnitude becomes ∼11).
AKARI IRC observations of the previously known
T Tauri stars in the Taurus-Auriga region
Previously known members in the Taurus-Auriga region
We selected a 1800-square-degree (2 h 40 m < R.A. < 5 h 40 m and 0 • < Dec < 40 • ) part of the Taurus-Auriga region for this study. The Taurus-Auriga region is a well-studied low-mass starforming one at a close distance of ∼ 140 pc with hundreds of premain-sequence (PMS) stars. We first compiled known Taurus PMS members from Rebull et al. (2010) , Kenyon et al. (2008) , Güdel et al. (2007) , Beckwith et al. (1990) , and Strom et al. (1989) , which are associated with the Taurus molecular cloud. Second, we picked up TTSs from the PMS objects as follows:
(1) Class II/III objects including the 'new', 'probable', and 'possible' members in Rebull et al. (2010) ; (2) Objects listed in Kenyon et al. (2008) that were confirmed as Class II/III objects on the basis of the SIMBAD database and their references; (3) Objects which are labelled as CTTSs or WTTSs in Güdel et al. (2007) . Note that Beckwith et al. (1990) and Strom et al. (1989) listed only TTSs. Furthermore, we added TTSs which are discovered by the Roentgen satellite (ROSAT) and distributed from the cloud (Li & Hu 1998; Magazzù et al. 1997; Wichmann et al. 1996) . In our TTS list, we considered close (< 5 ′′ ; the spatial resolution of the AKARI IRC All-Sky Survey) binaries as a single source. Finally, we got a catalogue of 517 TTSs in the selected region. The distribution of our input TTSs is shown in Figure 1 .
Statistical Properties of the previously known T Tauri stars detected with AKARI
We totally detected 133 TTSs with AKARI within the positional accuracy of 5 ′′ , i.e., the resolution of the AKARI IRC All-Sky Survey: 127 and 95 sources were detected at the S9W and L18W bands, respectively. There are 6 sources which were detected only with the L18W band: 3 sources (IRAS 04200+2759, IRAS 04295+2251, and UX Tau) were observed/detected only once at the S9W band, so the IRC-PSC does not contain these sources, and the other 3 sources were not detected at all. The positions of almost all the AKARI detected sources agree well with those in the previous catalogues within the uncertainty of 3 ′′ (see Figure  2 ). Although GI Tau has larger separations than 3 ′′ , it still satisfy the positional accuracy of AKARI IRC-PSC. The photometric data of the AKARI detected TTSs are listed in Table 1. In the 133 TTSs, 46 faint sources have no counterparts in the IRAS PSC (FQUAL12 = 3 or FQUAL25 = 3) with a searching radius of 60 ′′ , the IRAS resolution, as shown in Figure 3 . These 'new detections' are due to the higher sensitivity and spatial resolution of AKARI than those of IRAS. Actually, Figure 3 shows that the detection limit for the previously known Taurus TTSs at the S9W band has been improved: IRAS could detect almost all the TTSs that have brighter S9W and L18W band magnitudes than 6 and 4, respectively, but only about a quarter of the fainter sources were detected with IRAS. Figure 4 shows the (K S −S 9W) v.s. (S 9W) colour-magnitude diagram of the AKARI detected sources. Since about the half of the sources that were not detected with IRAS have small colours with K S − S 9W < 1 and most of the IRAS detected TTSs have larger colours with K S − S 9W > 2, there seems to exist a gap at K S − S 9W ∼ 0.5. The sources with K S − S 9W < 1 are most likely to be WTTSs, because they have weak Hα emission (except HT Tau, whose Hα equivalent width is not given) and are located near the periphery of the clouds or outside the clouds. AKARI has succeeded in de- tecting WTTSs with weak excess emission at the sensitive S9W band.
There are 18 TTSs which are not catalogued in the IRC-PSC within a 5 ′′ searching radius, but are catalogued in the IRAS PSC within 60 ′′ radius. Of these sources, 15 sources have AKARI counterparts within the positional accuracy of the IRAS, but the remaining 3 sources have no counterparts in the IRC-PSC. IRAS 04302+2247 was observed once or four times at the S9W or L18W bands, respectively, but not detected. Although this source is a well-known TTS with an edge-on disk, it is faint at the S9W and L18W bands, suggesting the presence of an inner gap in the disk.. Indeed, it has bright 24 µm magnitude of 3.57 but faint 8 µm one of 9.71 (Rebull et al. 2010) . IRAS 04216+2603 was observed four times and detected only once at the L18W band, and not observed at the S9W band at all. Since the IRC-PSC requires more than one detection for a 'real' point source to reject a moving object or a fake one, the source is not catalogued in the IRC-PSC. Finally, DM Tau was detected twice at the L18W band, but the positions in the two independent images have a larger difference than 5 ′′ between each other under the current positional accuracy, i.e., no entry in the IRC-PSC.
Although Spitzer didn't cover the entire region we searched, sources inside the Taurus molecular cloud and some other sources outside the cloud have been also observed with Spitzer (e.g., Rebull et al. 2010) . Since Spitzer has higher sensitivity than AKARI All-Sky Survey, Spitzer has discovered more faint sources as shown in Figure 5 , which shows the histogram of the IRAC4 (8 µm) magnitudes of the detected TTSs with Spitzer. The AKARI All-Sky Survey could detect more than ∼90% of the sources with magnitude brighter than 7.5 at the IRAC4 band, which agrees well with the detection limit of the AKARI S9W band.
How to extract TTS candidates from the AKARI
All-Sky data 4.1. Other types of sources in the whole sky
Since the following types of sources are known to have similar colours to those of the TTSs, we should reveal the colour properties of the sources. We considered the four additional catalogues of (1) asymptotic giant branch (AGB) stars of 126 carbon and 563 OH/IR stars (Le Bertre et al. 2003) , (2) 326 Post-AGB stars (Szczerba et al. 2007 ), (3) 1143 Planetary Nebulae (PNe) (Acker et al. 1994) , and (4) 2907 extragalactic objects which have brighter flux density than 100 mJy at the IRAS 12 µm band (the NASA Extragalactic Database). In contrast to the TTS case, we examined these sources in the whole sky because of a small number of the sources toward the Taurus-Auriga region. Table 4 by Rebull et al. (2010) . The filled and open bars indicate the sources that were detected and not detected with AKARI, respectively. The size of the magnitude bin is 0.25 magnitude. Figure 6 shows the (K S − S 9W) v.s. (J − K S ) and (K S − L18W) v.s. (J − K S ) colour-colour diagrams, where the S9W and L18W excess emission can be clearly recognized. One object, 1RXS J032409.7+123745, does not seem to have excess emission at both the S9W and L18W bands among the TTSs in the TaurusAuriga region. Although this source is listed as a WTTS with spectral type of K2 (Li & Hu 1998) , it seems to be a Li-rich giant star because of high luminosity (J ∼ 4 and V ∼ 6) not expected for a K2 dwarf star at a distance of ∼ 140 pc. On the other hand, the other types of the sources, which are stars surrounded with dust, also have significant IR excess emission. Therefore, we need to separate these sources from TTSs in the IRC-PSC.
Colour-colour diagrams
First, we separate almost all carbon and OH/IR stars from the TTSs in the (S 9W − L18W) v.s. (J − K S ) colour-colour diagram shown in Figure 7 . Since an AGB star typically has hot dust near its photosphere, the (S 9W − L18W) colour, which represents the dust temperature, becomes blue. On the other hand, since the majority of the dust around a TTS is cold, the MIR colour is red. To remove about 80 and 70 % of carbon and OH/IR stars, we propose the first criterion as However, post-AGB stars and PNe have the red MIR colour because they have cold dust. Furthermore, galaxies also have cold dust. Therefore, we can separate only 15 % of post-AGB stars, and few PNe and galaxies from TTSs. Note that this criterion is valid for the sources that were detected at both the S9W and L18W bands. We do not remove the sources which were detected at only one band.
Colour-magnitude diagram
Second, we can separate post-AGB stars, PNe, and galaxies from TTSs in the (UCAC−J) v.s. (UCAC) colour-magnitude diagram.
Owing to the low luminosities of PNe (white dwarfs) and galaxies at the visible wavelengths, we can remove about 90 and 97 % of PNe and galaxies, respectively, by the following 2nd criterion: From this criterion, we can also get rid of 26 % of post-AGB stars. Furthermore, 4 and 12 % of carbon and OH/IR stars, respectively, can be also separated. Considering the detection limits of the IRC-PSC and the UCAC, this method seems effective only for extracting nearby ( 100 pc) young sources. Note that we never pick up TTSs with their edge-on disks, because they are not optically visible. Figure 9 shows the same colour-colour diagrams as in Figure  6 , but for the remaining sources that could not be removed by the criteria (1) and (2); most of the remaining sources with the excess emission are the TTSs. Finally, we propose the following two criteria to pick up most of the TTSs with less contamination of other types of sources:
Note that we cannot pick up TTSs which have weak MIR excess emission, because they are contaminated by field stars. Consequently, most of AGB stars, PNe, and galaxies have been removed with our criteria. However, 34 % of post-AGB stars still remain, and we need follow-up observations to distinguish young stars from post-AGB stars. Of the 133 AKARI detected TTSs, 68 sources have passed these criteria. 
Fig. 9. Colour-Colour diagrams, the same as in Figure 6 , but for the selected sources with the criteria (1) and (2) in the text. The green parallelograms indicates our criteria (3) and (4).
Evaluation of the criteria
New TTS candidates from our criteria
On the basis of our criteria, we selected 176 sources out of 14725 AKARI sources, which are distributed in the area between 2 h 40 m and 5 h 40 m in Right Ascension and between 0 • and 40 • in Declination. We farther searched these sources in SIMBAD with a 10 ′′ searching radius. In the 176 selected sources, 21 sources could not be found in the SIMBAD database: there were 115 YSOs, 4 Be stars, 10 AGB stars, 1 Galaxy, 18 other types of objects (mostly variable stars), and the remaining sources consist of 7 unknown objects. Since ∼75 % of the SIMBAD identified sources were YSOs, we take the TTS-identification probability based on our criteria to be 75 %, though that is of course affected by the completeness of the SIMBAD database.
We now have found the 21 new TTS candidates in addition to the 7 unknown sources. The infrared properties of the 28 TTS candidates are listed in Table 2 . Considering the TTSidentification probability of 75 %, we expect 21 new TTSs. We need follow-up observations to distinguish whether these sources are really TTSs or not.
Comparison with other methods
Many astronomers have discussed about the criteria to extract YSO candidates from their surveyed data. Recently, Evans et al. (2009) and Rebull et al. (2010) surveyed YSOs in nearby clouds using Spitzer. Evans et al. (2009) surveyed 5 clouds (15.5 deg 2 region in total) and listed ∼1000 YSO candidates based on the colour-magnitude and colour-colour diagrams by 2MASS and Spitzer. They showed that there could be 51 galaxies in their YSO candidates. However, since their surveyed areas are highly embedded (A V > 2) and are located at high galactic latitudes, they paid less attention to AGB stars. Rebull et al. (2010) surveyed a ∼44 deg 2 region of the Taurus molecular cloud, and listed 148 new candidate Taurus members based on colours and magnitudes by 2MASS and Spitzer together with the images of SDSS and CHFT. Of these 148 new candidates, they did followup spectroscopic observations for about half of the sources, and confirmed 47 new Taurus candidates, 7 extragalactic objects, and 1 Be star; the remaining 93 sources await further follow-up observations.
These two studies have the higher (973/1024, Evans et al. 2009; 47/55, Rebull et al. 2010 ) YSO-identification probabilities than our probability of ∼75 %. This is mainly because we have data at only 2 bands; they usually have more than 4 bands. Furthermore, because the detection limits of the AKARI AllSky Survey are relatively shallower than those of the pointed observations of Spitzer, it is difficult to detect MIR faint objects. However, since AKARI observed almost the whole sky, we can find TTS candidates toward all nearby star forming region.
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b The zero-magnitude flux densities for the AKARI bands are 56.262 Jy and 12.001 Jy for the S9W and L18W bands, respectively. The AKARI measurements are based on the V-1 version of the IRC-PSC.
c The UCAC magnitude is derived from aperture photometry. d 1RXS J032409.7+123745 seems to be a giant star. Table 2 . AKARI, UCAC, and 2MASS photometric data for the new TTS candidates.
